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１．緒　　言
߃ාȄྫܥࡓள͈୆ఘ̤̫ͥͅैဥ̦ྶ̥̯ͣͦͅȄ̷
͈൲ఠ̦٨͛̀ಕ࿒̧̯̠̹ͦͥ̈́̽̀͢ͅȅྫܥࡓள͈
ಎ́૸ఘͅຈါະخࠧ̈́ࡓள͉ຈଌࡓள͂೰̯݅ͦȄΗϋ
Ω·ৗȄডৗȄౢକا໤̈́̓͂ވͅ૸ఘ͈ਹါ̈́ࢹ଼଼໦
̞̈́̽̀ͥͅȅຈଌ̯͂ͦͥྫܥࡓளً͈ະ௷͉୆໤ͅచ
̱̀՛גޣͬা̱Ȅအș̈́৖͈ۛࡔ֦͂̈́ ˍͥȽˏȫȅ̱̥̱Ȅ
ୃુ૽̤̫ͥͅ๷ၾࡓள͈डഐఘඤ܄ခၾȄוူள̱͂̀
ヒト血清中の微量モリブデンの簡易測定法の開発
઀ஂȁ೭෗ɖȁȁࢃ฽ȁ࣪ങɖȁȁ൐ศȁȁࢤɖɖ
Development of the simple determination for a trace amount of molybdenum in human serum
Sadayuki KOIZUMI , Katsunori GOTAN and Hiroshi HIGASHIBATA
Molybdenum attracts the attention as a trace amount of metallic element existing in the living 
body.  The establishment of the simple determination of molybdenum content in serum was conducted. 
The effect of the matrix modiÀ er to use for the direct determination of a trace amount of molybdenum 
in serum by graphite furnace atomic absorption methodȪGF-AASȫwas considered. For the 
determination of molybdenum in serum, MgȪNO3ȫ2, Pd+MgȪNO3ȫ2 or BaF2 as a matrix modiÀ er were 
used and their fundamental analytical conditions were examined. Before atomizing and measuring 
molybdenum in serum, it was necessary to ash the organic matter contained in serum at a high 
temperature to remove interference materials such as human serum protein. To get the stability of the 
absorbance of molybdenum and to remove the interference material coexisting in serum, the addition 
of Pd+MgȪNO3ȫ2, BaF2 as a matrix modiÀ er was needed at the ashing temperature 1,800℃ , 1,700℃ , 
respectively.  To examine the influence of the matrix interference between the calibration curve 
method and the standard addition method, their slopes were compared.  Because the slope between 
the calibration curve method and standard addition method almost agreed, the addition of BaF2 as a 
matrix modiÀ er was thought to be removed matrix interference in serum. From the above-mentioned 
result, the direct determination for a trace amount of molybdenum in serum by the graphite furnace 
atomic absorption method using BaF2 was found to be possible.
Keywords : Molybdenum, serum, matrix modifier, graphite furnace atomic absorption method, 
standard addition method, barium Á uoride
ɖ໤ৗࢥڠشȁȁɖɖΑ΄ͼاڠࢥުԺ
͈൲ఠͬ෤՜̳ͥષ́ܖயഎ̈́ΟȜΗ͉ޭ͛̀ཋ̱̞͈
̦࡛৘̜́ͥȅඅͅȄِ̦࣭͉́וူள̱͈͂̀डഐਫ਼ါ
ၾ͉̈́̓஠̩೰̞̞͛ͣͦ̀̈́ȅ̷͈ၑဇ͈̱֚̾͂̀௶
೰చય̤͍͢௶೰༹͈ດ੔ا̦࣐̞̞̭̦̜ͩͦ̀̈́͂
̬ͣͦͥːȫȅ༷֚Ȅ໦ଢ଼ܿ੅͈࢜ષ͂ވͅ๷ၾ߄௺ࡓள͈
௶೰̦ಠ̱̩ૺ༜̱̹̹͛Ȅࣞୈഽ́۰օഎ̈́௶೰༹ͬږ
ၛ̳̭͉ͥ͂ࣽࢃ͈וူڠഎ౶ࡉ̥ͣ͜փ͈̜̭݅ͥ͂
͂ࣉ̢ͣͦͥȅ
߃ාȄඅͅಕ࿒ͬਬ̞͛̀ͥκςήΟϋ͉Ȅ୆ఘඤ̤ͅ
Ĵı ໛֔ࢥުࣞ൝୺࿝ڠࢷȁࡄݪܮါȁুடشڠȆࢥڠȁల Ķı࣢ȁĳıĲķ
̞̀ॸاۺࡓ฽؊ͬ૘෾̳ͥ΅΍ϋΙϋ΂΅ΏΘȜΔȄΣ
ΠυΊ΢ȜΔ͈̈́̓߄௺ࣖளͅ܄ͦ͘Ȅ̷͈ڰ଻͉κςή
Οϋͅջం̳̭̥ͥ͂ͣκςήΟϋ͈ຈଌ଻̦ྶ̥ͣͅ
̹̈́̽ȅκςήΟϋ઼ً͈છ͉͕͂ͭ̓ږ෇̯̞̞ͦ̀̈́
̦Ȅࠧཋછ̱͂̀೑໓ȄຫࠬȄ଻ဳະ૦̤͍͢૙ൽ΄ϋ
̦̈́̓༭̯̞࣬ͦ̀ͥˑȫȅΪΠࠬୄಎ͈κςήΟϋෛഽ͉
ĲĶǍg/L೾ഽ͂ޭ๷ၾ̜̹́ͥ͛Ȅۜഽ͈̞ࣞ໦ଢ଼༹͈ږ
ၛ̦ຈါ̯͂ͦͥ ķȫȅ
ఘඤࣺ̹৾ͤͦ͘ͅ߄௺ࡓள႒͉ࠬסͅ઺̽̀֊൲̱Ȅ
ڎ௫ܕͅൢో̳ͥȅਲ̽̀Ȅࠬס͉ఘඤ͈ࡓளෛഽͬഎږ
ͅ฽ד̳ͥ͂ࣉ̢ͣͦȄוူેఠ͈ঐດ̱͂̀ဥ̞̭ͥ
̧̦͂́ͥḙ̷ུ̏́ࡄݪ͉́ȄκςήΟϋ͈ࠬୄ܄ခၾ
͈௶೰ࣱ̞̾̀ͅ؀Ⴗࡔঊݟ࢕༹ȪňŇĮłłŔȫͬဥ̞࣐̀
̠̭̱̹͂͂ȅࣱ؀Ⴗࡔঊݟ࢕༹͉͕͈͂ͭ̓ࡓளͬ ppb
τασ́σȜΙϋ໦ଢ଼̦خෝ̢̜̠́ͥȄຈါদၳၾ̦
ତ ǍL೾ഽ͂ઁ̩̈́Ȅ୆ఘদၳಎ͈๷ၾ߄௺ࡓள͈೰ၾͅ
͉डഐ͂ࣉ̢ͣͦͥȅࣱ؀Ⴗࡔঊݟ࢕༹͉Ȅࣱ؀Ⴗͅಕ
ව̯̹ͦদၳͬ ĲııɎັ߃́૊อۋࡥȄষ̞́أഽષઌ
ͤ͢ͅވం໤ৗȄ৽ͅခܥ໤ͬ٭ا̳ͥȅࢵͅأഽͬષઌ
̵̯Ȅ࿒എࡓளͬࡔঊا̳ͥఉ౲أഽίυΈρθͬनဥ̱
̞̀ͥ˓Ƚ˕ȫȅ̹͘Ȅদၳಕව͂൳শͅζΠςΛ·Αਘૐस
ȪŎŢŵųŪŹġŮŰťŪŧŪŦųȫͬഞح̱Ȅ࿒എࡓள͈٭ا̤͍͢ࡔঊ
اͬ࢘ၚ̩̱̀͢௶೰̱̞̀ͥ Ĳıȫȅ̱̥̱ȄκςήΟϋ
͉ఛغ଻ࡓள̜́ͥષȄࡔঊا̱̀௶೰̳ͥոஜ͈౲ٴ́
ވం̳ͥခܥ໤͂ࡔঊا̱̩̞ͅκςήΟϋౢا໤ͬࠁ
଼̳̭̦ͥ͂౶̞ͣͦ̀ͥˑĭĲĲĮĲĴȫḙ͈̏ౢا໤ࠁ଼ͤ͢ͅȄ
ۜഽ͞ୈഽͬ೩ئ̵̯ͥ̈́̓Ȅদၳ͂ζΠςΛ·Α͞௶೰
ૄ࠯͈גޣͬ਋̫̳̞̭̦͂͞౶̞ͣͦ̀ͥȅ̷͈చॐ͂
̱̀ਅș͈ζΠςΛ·Αਘૐस͈ഞح̦ࡄݪ̯̞ͦ̀ͥ
ˑĭĲĲĮĲĴȫȅζΠςΛ·Αਘૐसͬح̢ͥ࿒എ͉ȄκςήΟϋ
ౢا໤୆଼͈ဲଷȄະܞอ଻̥́̾ࡔঊا̱̳̞͞ໝࣣا
ࣣ໤ͬࠁ̵଼̯̹̜ͥ͛́ͥḙ̷̏́Ȅུࡄݪ͉́ࡔঊݟ
࢕༹ͥ͢ͅΪΠࠬୄಎ͈๷ၾκςήΟϋ͈۰օ௶೰༹͈
ږၛͬ࿒എ̱͂̀Ȅܖயഎ໦ଢ଼ૄ࠯͞দၳζΠςΛ·Α͈
גޣ̞̈́̓̾̀ͅ࠿൦̱̹ȅ
２．実　　験
２．１　試薬
দၳဣס͈಺ୋ̤͍͢ܛ৷ͅဥ̞̹੗କ͉Ȅ̳͓̀μζ
Π২ୋ΂ȜΠΑΞͻσŘĳĴ ͬဥ̞̀૊ၣ̱̹͈ͬ͜඾ུ
ηςεͺୋŎŪŭŭŪĮŒġ ŔőġŕŐń́ठୈୋ̱̹͈ͬ͜ဥ̞̹ȅ
κςήΟϋດ੔ဣס͉Ȅ΢΃ρͼΞΑ·২ୋ͈ Ĳııımg/
Lࡔঊݟ࢕໦ଢ଼ဥດ੔ဣסͬ ıįĳĦ අݭŉŏŐˏ́ഐܽईࣣ
ܛ৷̱̀಺ୋ̱̹ȅőťȪŏŐˏȫˎȄŎŨȪŏŐˏȫˎ͉გ࢕੗࿪
ୋ͈ Ĳııımg/Lࡔঊݟ࢕ဥດ੔ဣס̷͈ͬ͘͘ঀဥ̱̹ȅ
ŃŢŇˎဣס͉ഞ୼ၑاڠԺ২ୋ͈ ŃŢŇˎıįıĶŨ ͬକ ĲıımL
ͅဣٜ̱̀಺ୋ̱̹ȅ̷͈ఈ͈দ࿪͉ঌ์͈අݭ຦ͬঀဥ
̱̹ȅ
２．２　試料
ܖயഎ̈́৘ࡑͅঀဥ̱̹ࠬୄদၳ͉Ȅ໛֔ࣞ୺͈ ĳıତ
૽͈ڠ୆̥ͣڎ ĲımL͈ࠬסͬन̱ࠬȄ׿૤໦ၗ̽͢ͅ
̀ࠬୄ໦ၗ̱̀দၳ̱̹͂ȅ௶೰ဥদၳ̱̹͂ࠬୄ͉Ȅ໛
֔֓شఱͤ͢೹ރ̯̞̹͈ͦ̀ͬ͜ঀဥ̱̹ȅ̹͘Ȅུࡄ
ݪ́ږၛ̱̹໦ଢ଼༹͈ခဥ଻ͬږ෇̳̹ͥ͛ŅŢťŦ ২͈ດ
੔ࠬ ȪୄŎŰŮŪĮŕųŰŭĮōŦŷŦŭ ˍ̤͍͢ ōŦŷŦŭ ˎȫͬ ঀဥ̱̹ȅ
௶೰͈षȄΗϋΩ·ৗ͈̈́̓ވం໤ৗͥ͢ͅגޣͬࠚࡘ̯
̵̹ͥ͛ȄıįĳĦġŉŏŐˏ́ˏ෼ͅܛ৷̱̹ȅ
２．３　装置
ࡔঊݟ࢕௡౾͉ͅ őŢųŬŪůġņŭŮŦųġୋࣱ؀Ⴗࡔঊݟ࢕௡౾
ĵĲııśō ͅ൳২ୋ͈΂ȜΠ΍ϋίρȜłŔĮĸı ͬ৾ͤັ̫
̀ঀဥ̱̹ȅࣱ؀Ⴗ͉ͅ൳২ୋ͈Ωͼυ΋ȜΞͻϋΈੜၑ
̯̹ͦίρΛΠγȜθ߿ࣱ؀Ⴗͬঀဥ̱̹ȅ࢕࡙͉ͅຩઐ
γΠΣ·Α২ୋ ōĳĴĴ ߿κςήΟϋౙ֚ಎߗ֮ޭρϋίͬ
ঀဥ̱̹ȅͺσΌϋ΄Αͬ໱սܨ΄Α̱͂ȄΔȜζϋ࢘ض
ͥ͢ͅΨΛ·Έρ;ϋΡ༞ୃ࣐̹ͬ̽ȅུࡄݪ̤̫ͥͅκ
ςήΟϋ͈௶೰ૄ࠯ͬŕŢţŭŦ ˍͅা̳ȅ
２．４　操作
಺ୋ̱̹ࠬୄদၳ ķıǍL͂ഐၾ͈ζΠςΛ·Αਘૐसͬ
΂ȜΠ΍ϋίρȜࣱ́؀Ⴗͅೄ୪ಕව̱ȄͺσΌϋ΄Α໱
սܨئ́ۋ௓Ȅ٭اȄࡔঊاͬਜ਼࣐̹̽ͅȅࡔঊاশ͉Ȅ
ͺσΌϋ΄Α͈೒ܨͬ೪গ̱Ȅࡔঊاࢃ͉ικςȜ࢘ض
ĴĲΪΠࠬୄಎ͈๷ၾκςήΟϋ͈۰օ௶೰༹͈ٳอ
ͬཡ̪̹͛ ĳķııɎ́ˏຟۼ·ςȜϋͺΛί࣐̹ͬ̽ȅࠬ
ୄಎκςήΟϋ͈௶೰̤̫ͥͅࡔঊاأഽίυΈρθͬ
ŕŢţŭŦ ˍͅা̳ȅ̹͘ȄΪΠࠬୄಎ͈κςήΟϋෛഽ͉ޭ
๷ၾ̜͈́ͥ́ȄŇŪŨį ˍͅা̳̠͢ͅȄদၳಕවȄۋ௓Ȅ
٭اȄদၳ͈ठಕවͬ߫ͤ༐̳ Ĵ͈ٝෛੀίυΈρθͅ
ͥ͢௶೰࣐̹ͬ̽ȅ
３　結果と考察
ུࡄݪ͉́ȄζΠςΛ·Αਘૐस̱͂̀ŎŨȪŏŐˏȫˎȄ
őťĮŎŨȪŏŐˏȫˎȄ̤͍͢ ŃŢŇˎ ͬဥ̞Ȅࠬୄಎ͈๷ၾκς
ήΟϋ͈௶೰̤̫ͥͅडഐأഽίυΈρθȄζΠςΛ·Α
ਘૐस͈ഞحၾ̤͍͢ζΠςΛ·Αۙખ̞̾̀ͅ࠿൦̱
̹ȅ
３．１　灰化温度の検討
ζΠςΛ·Αਘૐसࣱͬ؀Ⴗͅদၳ͂൳শͅಕව̱̀Ȅ
٭اأഽͬ་ا̵̯Ȅ̷͈κςήΟϋݟ࢕ഽ͈͒גޣͬ
࠿൦̱̹ȅ٭اأഽ̤͍͢ݟ࢕ഽ͈͂۾߸ͬŇŪŨį ˎͅা
̳ȅζΠς·Αਘૐसͬഞح̱̞̈́ાࣣȄ٭اأഽĲĴııɎ
ոષ́κςήΟϋ͈ݟ࢕ഽ͈ࡘઁ̦୆̲ΨΛ·Έρ;ϋΡݟ
ਓͬੰݲ̧̳̭͉̥̹ͥ͂́̈́̽ȅ༷֚ȄőťĮŎŨȪŏŐˏȫˎȄ
ŃŢŇˎͬഞح̳ͥ͂Ȅ̷̸ͦͦ٭اأഽͬ ĲĹııɎȄ
ĲĸııɎ́͘κςήΟϋ͈ݟ࢕ഽ͉հ೰̱Ȅވం໤ৗͬ໦
̧ٜ̳̭̦̹ͥ͂́ȅ
３．２　マトリックス修飾剤の添加量
ζΠςΛ·Αਘૐसͬഞح̳̭ͥ͂́ȄκςήΟϋౢا
໤୆଼ͬဲଷ̱Ȅະܞอ଻̥́̾ࡔঊا̱̳̞͞κςήΟ
ϋໝࣣاࣣ໤ͬࠁ଼̳̦ͥȄ̷ฺͦ̽̀ͅഞح̱̹ζΠς
·Αਘૐसͥ͢ͅΨΛ·Έρ;ϋΡݟਓ̦୆̲ͥȅࠬୄಎ
͈๷ၾκςήΟϋ͈௶೰̤̫ͥͅζΠςΛ·Αਘૐस͈ഞ
حၾ͈גޣͬŇŪŨį ˏͅা̳ȅडఱ͈κςήΟϋ͈ݟ࢕ഽͬ
া̱Ȅ̥ ̾ΨΛ·Έρ;ϋΡݟਓ͈ड͜೩̧̞͈͂ζΠςΛ
Ĵĳ ໛֔ࢥުࣞ൝୺࿝ڠࢷȁࡄݪܮါȁুடشڠȆࢥڠȁల Ķı࣢ȁĳıĲķ
·Αਘૐस͈ഞحၾͬडഐၾ̱̹͂ȅ̱̹̦̽̀Ȅུࡄݪ
̤̫ͥͅζΠςΛ·Αਘૐसͬഞحၾ͉ȄŎŨȪŏŐˏȫˎ́ ͉
ĶǍgȄőťĮŎŨȪŏŐˏȫˎ́ ͉ ĶĬĴǍgȄ̤͍͢ŃŢŇˎ͉́ ĴǍg
̱̹͂ȅ
３．３　検量線および標準添加法
ષ੆̱̹ૄ࠯́ıȡĶıǍg/L͈ํս́࠿ၾ஌ͬै଼̱̹ȅ
̭͈ͦͣ࠿ၾ஌͈௖۾߸ତ͉ ıįĺĺ ͂ೄ஌଻̦ၻ̞̭̥͂
ͣ਱໦ͅ৘ဥ଻͈̜ͥ࠿ၾ஌̦ං̹ͣͦ͂ࣉ̢ͣͦͥȅ͘
̹ȄζΠςΛ·Αۙખ͈גޣ̞̾̀ͅ࠿൦̳̹ͥ͛Ȅ࠿ၾ
஌͂൳̲ෛഽํս́ດ੔ഞح༹ͬഐဥ̱Ȅ̷͈࢙ͦͣ෻ͬ
๤ڛ̱̹ȅࠫضͬ ŇŪŨį ːͅা̳ȅ࠿ၾ஌͂ດ੔ഞح༹Έ
ρέ͈࢙෻̞̹͈̾̀͂͛ͬ͘͜ͅŕŢţŭŦ ˎͅা̳ȅζ
ΠςΛ·Αਘૐस̱͂̀ŃŢŇˎͬဥ̧̞̹͂Ȅ࠿ၾ஌͂ດ
੔ഞحΈρέ͈࢙෻͉͕͖֚౿̱ȄζΠςΛ·Αۙખ̦ੰ
ݲ̯̹͈ͦ͂͜ࣉ̢ͣͦͥȅոષ͈ࠫض̥ͣζΠςΛ·Α
ĴĴ
ਘૐस̱͂̀ ŃŢŇˎͬဥࣱ̞̹؀Ⴗࡔঊݟ࢕༹ͥࠬ͢ͅୄ
ಎ͈๷ၾκςήΟϋ͈ೄ୪೰ၾ̦خෝ̜̭́ͥ͂ͬږ෇
̱̹ȅ
３．４　モリブデンの回収率
ոષ͈ࠫضͤ͢ං̹ͣͦडഐૄ࠯ͅਲ̞κςήΟϋ͈
ഞحٝਓ৘ࡑ࣐̹ͬ̽ȅࠫضͬ ŕŢţŭŦ ˏͅা̳ȅζΠ
ςΛ·Αਘૐस̱͂̀ ŃŢŇˎͬဥ̞Ȅ੗କͅˑȄĲı ̤͢
͍ ĳıǍg/L͈κςήΟϋດ੔ဣסͬഞح̱Ȅུ༹́໦ଢ଼ͬ
࣐̹̭̽͂ͧȄ̷̸͕͖ͦͦ ĲııĦ͈ٝਓၚ̦ං̹ͣͦȅ
̹͘ȄΪΠࠬୄͬদၳ̱͂̀൳အ͈ௌै࣐̹̭ͬ̽͂ͧȄ
Ĺĳįı ȡ ĺĲįĲĦȪůľĵȫ͈ٝਓၚ̱̥ං̧̭̦̥ͥ͂́̈́̽
̹ḙ͉̏ͦȄࠬୄಎ͈ΗϋΩ·ৗ͈̈́̓ခܥ໤̦κςήΟ
ῧఛغ଻͈κςήΟϋౢا໤ͬࠁ଼̱̞̹̀ͥ͛Ȅ೩̩
̞͈̈́̽̀ͥ͂͜ࣉ̢ͣͦͥȅ
３．５　標準血清および実試料中のモリブデンの分布
ΪΠࠬୄಎ͈๷ၾκςήΟϋ͈೰ၾ͉ͅȄζΠςΛ·
Αਘૐस̱͂̀ ŃŢŇˎͬဥ̞࣐̹̀̽ȅࠬୄদၳȪĵĹ࠿
ఘȫ͉̳͓̀໛֔ఱ֓ڠ໐̥ͣ೹ރ̯̹͈ͦͬ͜ঀဥ̱̹ȅ
಺ୋ̱̹ࠬୄদၳಎ͈κςήΟϋෛഽུ༹ͬ́௶೰̱̹ࠫ
ض͉Ĵįķ ȡ ĲıįĹǍg/Ĺ̜̹̽ȅ̹͘Ȅ൳အ͈ௌै́ດ੔
ࠬୄಎ͈κςήΟϋͬ௶೰̱̹̭͂ͧ ōŦŷŦŭ ˍ̦ Ĵĳįĵ Ⱦ
ĳįıǍg/LȪůľĵȫȄōŦŷŦŭ ˎ̦ ĴĲįıį Ⱦ ĲįĹǍg/LȪůľĵȫ́ ̜̹̽ȅ
４　結　　言
ࣱ؀Ⴗࡔঊݟ࢕༹͉௶೰ͅຈါ̳͂ͥদၳၾ͞௶೰ۜ
ഽ̈́̓ႉ઄໦ଢ଼༹̱͈͂̀৘ဥഎ̈́࿂̥ͣ၌ത̦ఉ̩̜
̬ͣͦͥȅࠬୄদၳ͉ခܥ໤ͥ͢ͅζΠςΛ·Αۙખ̦ఱ
̧̞̦ȄζΠςΛ·Αਘૐस̱͂̀ŃŢŇˎͬဥ̞̭ͥ͂́Ȅ
ࣱ؀Ⴗࡔঊݟ࢕༹ͤ͢ͅκςήΟϋ͈ೄ୪೰ၾ໦ଢ଼̦خ
ෝ̜̭̦́ͥ͂ྶ̥̹ͣ̈́̽ͅȅ
謝　辞
ࠬୄদၳ͈೹ރ̞̹̺̞̹ͬ໛֔ఱڠ֓ڠ໐͈۾߸ڎ
պȄ໛֔ࣞ୺͈ފႁ̧̱̞̹̺̱̹̀͘ڠ୆͈ٯအۜͅ৫
૭̱ષ̬̳͘ȅ
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